the metal pieces to be spot-welded is proposed. It is known that the transient value of the contact resistance in spot-welds is one of the most important clues to estimate the quality of spot-welded nugget.
However, the contact resistance changes so rapidly during spot-welding that it is very difficult for a This suggests us a possibility of contriving some feedback control system in the spot-welding equipment.
Introduction
There have been a number of reports concerning with the measurement of transient contact resistance of spot-welds1)-3). However, in these methods proposed above, the transient contact resistance is obtained by off-line measurement or calculation.
Therefore, a device which is able to practice the on-line measurement has been required. 
Let us write the gain of operational amplifier as -A, and assuming that A is sufficiently large, the output X0 may be written
Therefore, in Fig. 1 , inputs X and Y correspond to the numerator and the denominator, respectively.
However, the principle mentioned above is not always realized4). is not avoidable so far as we deal with the alternating current.
We also come upon this ill condition before we start every trial of measuring the contact resistance, because before we start every trial, the welding current is zero.
Moreover, if the analog divider is saturated for a fairly long time, it takes some recovery time for the divider to take back the normal working state.
These ill conditions have obstructed the flexible application of customary analog dividers.
To avoid these ill conditions mentioned above, These constant voltages are chosen so as to prevent the divider from saturation.
On the other hand, when the input voltage E is smaller than a certain negative threshold value which is set by the variable resistance shown in 
Static and Dynamic Accuracy of the Analog Divider
In the following discussions, we assume that the gain of buffer amplifier A1 in Fig. 3 is set unity. Using the notations in Fig. 4 , we express the numerator and denominator inputs as Vx and Vy, respectively, in the following discussions.
(1) Output characteristic when the input volt- The upper waveform illustrates the cosecant wave which corresponds to Eq. (6). However, when the input voltage Vy becomes small, the output voltage gets over the saturating voltage of the divider. In order to examine in more detail, these waveforms are magnified in Fig. 11 . Using these results, it is found that the output error may be the divider is saturated. Generally, the dynamic characteristics of this divider mentioned above may be satisfactory so far as we deal with the input voltages of commercial frequency.
Moreover, as shown in Fig. 3 , we can adjust the gain of buffer amplifier, therefore, it is able to reduce the range of ill condition that the denominator input becomes too small.
Measurement of Transient Contact
Resistance of Spot-Welds Using the Analog Divider
As an application of the analog divider mentioned above, the authors combined the divider with a spot-welding equipment and tried to observe the transient behavior of contact resistance of spotwelds. As shown in the figure, the voltage across the metal pieces being welded is picked up using a pair of phosphor-bronze ribbon which is held between the metal pieces, and the welding current is picked up using a ring coil accompanied with an R-C integrating circuit. These voltage and current waves are introduced to the analog divider as the numerator and denominator inputs, respectively.
Therefore, the divider output voltage is proportional to the contact resistance. 
